Purpose Heat shock protein A2 (HspA2) expression was quantitatively measured in human testis and its relationship with the spermatogenetic status and laboratory outcomes of intracytoplasmic sperm injection (ICSI) was investigated. Methods Testicular tissues of azoospermia men were divided into four groups according to histopahtology: normal spermatogenesiss, hypospermatogenesis, maturation arrest and Sertoli cell-only syndrome (SCOS). HspA2 immunostaining was measured by Image Pro-Plus (IPP) and laboratory outcomes were calculated. The regression analysis between HspA2 expression and Johnsen score of as well as fertilization, cleavage and high quality embryo rate was performed.
Introduction
Heat shock protein A2 (HspA2), a testis-specific member of the 70-kDa family, is a molecular chaperone that assists in the folding, transport, and assembly of proteins in the cytoplasm, mitochondria, and endoplasmic reticulum [1, 2] . The previous studies have indicated that HspA2 mRNA is down-regulated in human testes with abnormal spermatogenesis and the protein was high in normal spermatogensis, low in spermatogensis arrest, and no stain was demonstrated in Sertoli cell-only syndrome (SCOS) testis specimens [3, 4] . But till now, neither quantitative analysis of its expression in testis of azoospermic men nor the correlation of HspA2 expression and histopathology of spermatogenesis was performed.
Indeed, HspA2 has been established as a measure of human sperm cellular maturity, function and fertility [5, 6] and possessed a good ability to predict IVF pregnancy outcome [7] . However, the lack of reliable methods to assess spermfertilizing potential in ICSI programme has been a longstanding problem for azoospermic patients and their physicians. Undoubtedly, it is easy to measure HspA2 activity/ level for sperm populations in IVF programme. However, it will be very difficult for a single sperm measurement in ICSI programme. Thus, the possibility to indirectly evaluate sperm cellular maturity via the HspA2 expression measurements in testicular tissue was investigated.
Ever since a long time ago, immunohistochemistry (IHC) technology had been actually applied in morphology study and the immunostaining was mainly assessed by visual assessment. However, IHC has gained significance and already taken a crucial position in diagnosis and prognosis of diseases. So, new demands on the quantitative analysis, reproducibility, and accuracy of IHC put on agenda and computerized image analysis software has been engineered and applied for quantification in IHC studies. Image Pro-Plus (IPP) is one of the digital image analysis systems serving as platform to quantify IHC staining.
In the present study, the quantitative HspA2 expression was firstly determined by IPP software and then, based on 70 cases, the regression analysis between HspA2 expression and histopathology of spermatogenesis was performed. At last, the possible predictive value of HspA2 expression for laboratory outcomes of ICSI was discussed.
Materials and methods

Tissue preparation
Seventy specimens were obtained from male patients (age: 16-45 years; mean: 31.5 years) undergoing biopsies for either azoospermia or severe oligospermia. None of the patients had received hormonal therapy or chemotherapy before the collection of tissue samples and all of the patients gave informed consent for this study. Each specimen was pathologically classified into one of 4 groups: normal spermatogenesis with obstruction (n=25, mean Johnsen score 9.61), hypospermatogenesis (n=18, mean Johnsen score 6.63), maturation arrest (n=20, mean Johnsen score 4.25), or Sertoli-only syndrome (n=7, mean Johnsen score 2.19). None of the patients had any other known potential causes for their infertility, such as hormonal abnormalities or varicoceles. Histological examination was performed using standard techniques: fixed in Bouin's solution, embedded in paraffin, stained with hematoxylin and eosin and thereafter processed for histologic studies by at least two pathologists. The Johnsen score [8] was also calculated to quantitatively analyze the spermatogenetic status of germinal epithelium.
Immunohistochemistry
The specificity of monoclonal mouse anti-HspA2 antibody (sc-100760, Santa Cruz Bio., Dallas, USA) used in study was validated by a Western blot for testicular tissues extract firstly (Supplement fig 1) . Immunochemistry technique was modified from previously described protocol [9] . Briefly, all sections were cut at 5 μm, mounted and dewaxed with xylene and rehydrated by serial graded ethanol solutions, then the sections were autoclaved at 120°C for 2.5 min in 10 mM citrate buffer (pH 6.0). After inactivation of endogeneous peroxidase activity with 0.3 % H 2 O 2 (room temperature, 30 min), the sections were preincubated with 1 % BSA in phosphate buffered saline (PBS) for 1 h to block nonspecific reaction with anti-HspA2 antibody. Then, the sections were reacted overnight with the first antibody at a dilution of 1:1500. After washing with rinsing with PBS, the sections were incubated with HRP-labeled goat anti-mouse IgG (sc-2064, Santa Cruz Bio., Dallas, USA) at a 1:100 dilution for 1 h. After washing with PBS, the sites of HRP were visualized by DAB and H 2 O 2 at 20°C for 5 min. All incubations were carried out in a humidified chamber. Finally, the sections were counterstained with hematoxylin. Tissue sections incubated with either buffer, normal serum, or the secondary conjugated antibody without primary antibody were utilized as negative controls and the controls were processed as described above.
Image analysis and quantification
Quantitative analysis of HspA2 immunostaining was made by IPP (version 6.0, Media Cybernetics, Silver Spring, MD, USA). Firstly, to determine the area covered by tissue in each image, non-tissue area was subtracted from the total area of the image. Then the digital images at same pixel resolution at 200×magnification were captured by the DP 70 CCD camera (Olympus Corp., Tokyo, Japan) coupled to Zeiss IM 35 microscope (Zeiss Corp., Oberkochen, Germany). The optical density was calibrated and the area of interest was set through: hue, 0B30; saturation, 0B255; intensity, 0B255, then the image were converted to gray scale image, and the mean integrated optical density (IOD) values were counted.
ICSI programme, fertilization and cleavage verification Altogether, 28 cases (15 normal spermatogenesiss patients, 12 hypospermatogenesis patients, 1 maturation arrest patient) successfully followed by ICSI programme using sperm by microdissection testicular sperm extraction (m-TESE). All female patients were treated with a long gonadotrophinreleasing hormone agonist (GnRH-a, Decapeptyl, Ferring, Kiel, Germany)/gonadotrophin protocol. Oocytes were retrieved 36 h after injection of human chorionic gonadotrophin (HCG, Ovidrel®, Serono, Geneva, Switzerland) administration using follicular aspiration with guidance from transvaginal sonography. The ICSI procedure was performed only for metaphase II (MII) oocytes that had extruded their first polar bodies. After all microinjections from a single case were completed, the injected oocytes were transferred to a closed culture system micro-droplets under mineral oil. Fertilization was considered normal when two pronuclei (2PN) were visualized and the extrusion of the 2nd polar corpuscle was observed after incubated for 16-18 h at 37°C and 5.5 % CO 2 . Cleavage and embryo quality were assessed 48-72 h post-ICSI procedure. The embryos were classified as good quality when they exhibited 3-4 symmetric blastomeres on the second day of culture and 7-8 symmetric blastomeres on the third day of culture, in the absence of multinucleation and zona pellucida alterations, Grade I (absence of fragmentation) or II (up to 20 % of cytoplasmic fragments) of cytoplasmic fragmentation [10] . After ICSI, normal (2PN) fertilization rates, cleavage and high quality embryo rates on 48 h (day 2) and 72 h (day 3) were analyzed.
Statistical analysis
If necessary, the measurements were log10 transformed to make their distribution closer to normal distribution and evaluated the relationship between Johnsen score and the density of HspA2 immunostaining using regression analysis. The one way ANOVA was performed to examine the significance of HspA2 expression determined by IPP among the groups determined by pathologic feature and Dunnett test was used for the intergroup comparisons. All statistical analyses were performed using the SPSS software package (version 12.0, SPSS, Inc., Chicago, USA). Tests were two-sided and P<0.05 was considered as statistically significant.
Results
Expression of HspA2 in testis samples
In normal spermatogenesis testis, significant HspA2 expression was observed from early meiosis spermatocytes to the postmeiotic spermatides in the adluminal compartment of the seminiferous epithelium (Fig. 1a) . Weak staining was demonstrated within spermatocytes and spermatides in testis with hypospermatogenesis and maturational arrest (Fig. 1b & c) . No HspA2 staining was found in Sertoli cells-only syndrome tissues (Fig. 1d) . Spermatogonia as well as Leydig cells, Sertoli cells in the basal compartment of testicular tissues were not stained (Fig. 1) . Similarly, negative control sections in which were labeled with the absence primary antibody failed to produce any immnostain signals in various cells.
Quantitative expression of HspA2 relation to testis histopathology
Quantitative analysis of HspA2 expression determined by IPP showed that there were significant differences between testicular tissues grouped by Johnsen score (P=0.000 & P=0.001) except for normal spermatogenesis and hypospermatogenesis (P=0.441) (Fig. 2) . Moreover, within seminiferous tubules, a high significant correlation between HspA2 expression and histological Johnsen score was noted (Fig. 3, R 2 =0.726, P=0.000).
Laboratory outcomes of ICSI
The rates of fertilization, cleavage and high quality embryo in normal spermatogenesis and hypospermatogenesis group (not including maturation arrest because of only one case) are listed in Table 1 . There were no statistical differences in the rates of fertilization (P=0.5604), embryo cleavage (P=0.6195) and high quality embryo (P=0.3967) between normal spermatogenesis and hypospermatogenesis group. However, a significant correlation (R 2 =0.569, P=0.000) between HspA2 expression and fertilization rate in intracytoplasmic sperm injection (ICSI) programme was demonstrated in Fig. 4 . However, no significant correlation was found between HspA2 expression and cleavage and high quality embryo rate (Supp fig 2 & fig 3) .
Discussion
Heat shock proteins (HSPs) are evolutionarily highly conserved molecular chaperones from prokaryotic bacteria to mammals, including humans to overcome an exogenous stress such as exposure to high temperatures [11] . Several members of HSP70 and HSP90 families play crucial roles in cellular division and development during spermatogenesis process. The 70-kDa heat shock proteins (HSP70s) are chaperones that assist in the folding, assembly and disassembly of protein complexes [12] . In mice, spermatocyte-specific hsp70-2 is a unique member of the mouse HSP70 family that is developmentally and specifically expressed in spermatogenic cells. High level of hsp70-2 expression in pachytene spermatocytes was observed during the meiotic phase of spermatogenesis. It also participates in the synaptonemal complex (SC) function during meiosis in male germ cells, and is linked to mechanisms that inhibit apoptosis, DNA repair and recombination processes [13] . In hsp70-2 −/− knockout mice model, the weight of testes of adult mice was one third of those from wild-type mice and postmeiotic germ cells lacked in testicular tissues. However, endocrine function appeared intact because seminal vesicle mass was normal and other secondary sex characteristics were not been affected. It indicates that hsp70-2 is necessary for assembly of protein complexes required for completion of meiosis. Histological examination of the mice revealed that mitotic and meiotic germ cells were present, but postmeiotic germ cells and spermatozoa were absent.
Human HspA2 gene is highly homologous the mouse hsp70-2 gene, except for only four amino acids. HspA2 additionally contains a six amino acid sequence near the carboxy terminal end not present in mice and rats [14] . The protein (previously creatine kinase M isoform) [2] as well as mRNA are expressed significantly in human testes with normal spermatogenesis, but repressed in testes with abnormal spermatogenesis [3, 4] . Moreover, the HspA2 gene expression was down-regulated in ejaculated spermatozoa from infertile men with idiopathic oligoteratozoospermia [15] and adolescents with varicocele and oligozoospermia [16] . According a more recent research, spermatozoal HspA2 expression was significantly higher in fertile compared to infertile individuals and the presence of the protein on sperm surfaces significantly increased following capacitation [17] . Actually, a growing number of researchs about HSPA2 and fecundity was reported. Some have evaluated HSPA2 in testicular tissue [3, 4, 18] while others have assessed HSPA2 expression in sperm [7, 15, 19, 16, 17] ; some have assessed HSPA2 expression at RNA level [4, 16, 17] while the others at protein [3, 7, 15, [17] [18] [19] [20] ; some are based on humankind data [3, 4, 7, [15] [16] [17] 19 ] while other animal model [12, 13, 21, 18, 20] . The source of the Fig. 1 Immunohistochemical detection of HSPA2 in normal spermatogenesis (a), hypospermatogenesis (b), maturation arrest (c) and Sertolionly syndrome (d) testicular specimens. HSPA2 was present in the cytoplasm of spermatocytes (arrow) & spermatides (arrow head) and absent in Sertoli cell (triangle) cytoplasm. Bar=25 μm Fig. 2 Comparison of HSPA2 immunostaining intensity (lgIOD) in relation to fertile individuals with normal spermatogenesiss (NS, n=25), hypospermatogenesis (HYPO, n=18), maturational arrest (MA, n=20) and Sertoli cell-only syndrome (SCOS, n=7). Data were analyzed by one-way ANOVA and following Dunnett test Fig. 3 There was a significant correlation between Johnsen score (JS) and HSPA2 immunostaining intensity (Pearson correlation coefficient, R 2 =0.726, P=0.000). Solid line indicates the regression line for JS and immunostaining intensity, while the two dotted curves depict the 95 % confidence limits for the population regression line analyte may acount for the consistent or nconsistent and even contradictory inference. However, till now, the acknowledged HSPA2 related physiological and pathological processes can be summarized as following: frequency of chromosomal aneuploidies, DNA repair [16, 22] , cell apoptosis [13, 23] , morphology and/or cytoplasmic extrusion [19] , absence of histoneprotamine exchange [23] , zona binding sites on sperm surface [2, 24] , fertilization and pregnancy following in vitro fertilisation (IVF) [25] . However, the studies aforementioned were mainly descriptive and/or semi-quantitative ones and neither quantitative analysis of HspA2 expression in testis nor the correlation of histological scores of spermatogenesis and intensity of HspA2 were performed till now.
It is generally acknowledged that computerized image analysis plays an important role in transforming qualitative perception to quantitative characteristics, descriptive results to numerical value. Among the parameters achieved through image analyzer, integrated optical density (IOD), usually used to quantify both the area and the intensity of the positive staining of immunohistochemistry, has been proved as an accurate and representative one to quantify the immunostaining [26] . In the present study, we firstly examined the expression of HspA2 protein in infertile human testes with various histopathological types by immunohistochemical technology. With normal spermatogenesis, HspA2 from early meiosis spermatocytes through the postmeiotic spermatides in the adluminal compartment of the seminiferous epithelium was observed. Also, relative weak staining within the spermatogenic cells of spermatocytes and spermatides was observed within hypospermatogenesis and spermatogensis arrest testicular tissues. However, immunohistochemical staining was negative in Sertoli cells-only syndrome tissues. Summarily, the expression pattern is in line with previous studies [3, 4] . Actually, HSPA2 is also reported to be present in the single sperm by immunoflurecence technology [27] . But in our work, the immunostain positive sperm is very diffcult to identify beacause of the thin sperm membrane with backgroud of the concentrated nucleus stained by hematoxylin. Then, the immunostaining density was translated to the more precise numerical values by an image analysis software IPP, which has been used for quantification in immunohistochemical studies [26, 28, 29] . Thereafter, IOD quantitative analysis of HspA2 expression was performed and the results revealed that there was significant differences of HspA2 stain contents in testis (P=0.000 & P=0.001) with different spermatogenesis s t a t u s e x c e p t f o r n o r m a l sp e r m a to g e n e s i s a n d hypospermatogenesis (Fig. 2) . Furthermore, a significant positive correlation between Johnsen score and expression level of HspA2 in seminiferous tubules was found (r=0.846, P= 0.000). Johnsen score is a score system assessing spermatogenesis status in testicular tissue. The significant positive correlation between two parameters means that depression of HspA2 in human testis is associated with spermatogenic impairment. In fact, it has been demonstrated that the expression of HspA2 is biphasic pattern, first in spermatocytes related to meiosis and then at the time of terminal spermiogenesis in elongated spermatids. Accordingly, the first phase regulates progression through first meiosis while the second phase regulates late spermiogenic events such as DNA condensation [3, 30] . Actually, so much intrinsic and extrinsic factors may cause DNA [31] and RNA [32] damage, arrested protein systhesis, disruption of the cell cycle and inappropriate apoptosis, resulting in abnormal spermatogenesis. Meanwhile, the 70-kDa heat shock proteins (HSP70s) are chaperones that assist in the folding, assembly and disassembly of protein complexes [12] that continuous expression of HSPA2 has been proved to be very necessary for preventing apoptosis No statistical differences were observed in the rates of fertilization, cleavage and good quality embryo between normal spermatogenesis and hypospermatogenesis groups. N: number of cases; all values are expressed as mean±SD Fig. 4 There was a significant correlation between HSPA2 immunostaining intensity and fertilization rate (Pearson correlation coefficient, R 2 = 0.569, P=0.000). Solid line indicates the regression line for immunostaining intensity and fertilization rate, while the two dotted curves depict the 95 % confidence limits for the population regression line and completion of spermatogenesis [3] . Complete absence of HSPA2 expression of in the first phase lead to azoospermia [13] and low level HspA2 synthesis during terminal spermiogenesis may potentially prevents protein movements of cytoplasmic extrusion and plasma membrane remodeling in the elongating spermatids and leading to immature or improperly developed spermatozoa or oligozoospermia [15, 16, 22] . Moreover, depression of HSPA2 is associated with abnormal morphology and/or cytoplasmic retention too [19] . Therefore, improved or high expression of HSPA2 accounts for complete spermatogenesis (high Johnsen score) and thus maintains a certain sperm concentration capable for natural fertiliaztion. Despite that low HsAp2 expression might occur independently form sperm concentration and that HspA2 was mainly a marker of sperm development and sperm cellular maturation [7] and adequate motile sperm concentrations alone are not proof of male fertility, we concluded that improved or high expression of HSPA2 was substantial nessessary for maintaining sperm concentration. Additionally, the high correlation coefficient among Johnsen score and HspA2 expression in seminiferous tubules means there is capable enough to detect small differences by image analyzer. So, it becomes possible to obtain an objective, repeatable and precise quantification for annotating spermatogenetic status in a short time without intensive labor.
HspA2 has been proved to be valuable predictor for IVF and the fertilization rate [7] and reduced HSPA2 has been positively correlated with defects in ZP adhesion [33] . Also, the relative levels of HSPA2 expression in human spermatozoa has been used as a highly accurate diagnostic marker of male infertility [34] . However, it is easy to measure HspA2 for sperm populations in IVF and very difficult in ICSI programme for a single sperm. So, we explored the possibility to judge spermatogenetic status and indirectly evaluate sperm cellular maturity via the HspA2 expression measurements in tissue samples. It has been demostrated that even normozoospermic specimens with low HspA2 level might cause no IVF pregnancies and had lower rates of fertilization [7] . In this investigation, fertilization rate with ICSI was found to be proportional to the testicular tissue HspA2 expression; but no statistical differences in the rates of fertilization, embryo cleavage and good quality embryo were found between normal spermatogenesis and hypospermatogenesis group. So, the speculation we could make here was that HspA2 expression on testicular tissue could mirror the sperm HspA2 content and cellular maturity and was subsequently correlated with oocyte fertilization. Given that the hypothesis was right, our present data would to some extent be consistent with the previous investgations [7, 34] , but different mechanism must be noticed. As mentioned above, HspA2 regulates the expression of sperm surface receptors involved in human sperm-oocyte recognition [27] . So, the fertilization failure in IVF project might mainly due to immature sperm which was deficient in the oocyte binding site, however, in the ICSI programme, the prosess of sperm-oocyte recognition and binding was bypassed. On the basis of significant relation between HspA2 expression and fertilization rate and the hypothesis that testicular tissue could mirror the sperm HspA2 content and cellular maturity, we inferred that low levels of HspA2 might fail to repair spermatogenic and germ-cell damage and led to the interrupted delivery of DNA repair enzymes and other functional proteins chaperoned by the HspA2; then DNA damage could be linked to abnormal chromatin packaging and absence of histone-protamine replacement in spermatozoa nucleus; after that sperm nuclear DNA damage and altered chromatin structure substantially affect fertilization, embryo development even sperm was directly injected into oocyte. In our study, significant relation between HspA2 expression and fertilization rate was demonstrated, but no statistical differences in the rates of fertilization, embryo cleavage and high quality embryo was emphatically indicated between normal spermatogenesis and hypospermatogenesis group. Considering the restricted participants in our study, a larger sample trial and additional research was needed to make a substantial conclusion. Generally, very weak staining in maturational arrest testis is likely to be very lower fertilization indications. However, fertilization was observed with such a case in our work. The outcome may depend on heterogeneity of sperm production and sperm-tosperm differences in the degree of cell immaturity.
It is worth while to note that a correlation is not indicative of cause-effects; however, it reflects the relation between subjects investigated. So, HspA2 IHC might be the easiest and possible reliable indirect approach for prediction of fertilization rate with ICSI. Moreover, the most important is that it becomes possible to combine evaluation of spermatogenetic status with prediction of fertilization in ICSI programme via HspA2 IHC of testicular tissue. In conclusion, the alteration of HspA2 expression had been involved in spermatogenic impairment and low HspA2 levels in testicular tissues might be related with diminished sperm cellular maturity and had possible predictive value of oocyte fertilization in ICSI programme.
